Methylation of cytosine nucleotides is governed by DNA methyltransferases (DNMTs) that establish de novo DNA methylation patterns in early embryonic development (e.g., DNMT3a and DNMT3b) or maintain those patterns on hemimethylated DNA in dividing cells (e.g., DNMT1). DNMTs continue to be expressed at high levels in mature neurons, however their impact on neuronal function and behavior are unclear. To address this issue we examined DNMT1 and DNMT3a expression following associative learning. We also generated forebrain specific conditional Dnmt1 or Dnmt3a knockout mice and characterized them in learning and memory paradigms as well as for alterations in long-term potentiation (LTP) and synaptic plasticity. Here, we report that experience in an associative learning task impacts expression of Dnmt3a, but not Dnmt1, in brain areas that mediate learning of this task. We also found that Dnmt3a knockout mice, and not Dnmt1 knockouts have synaptic alterations as well as learning deficits on several associative and episodic memory tasks. These findings indicate that the de novo DNA methylating enzyme DNMT3a in postmitotic neurons is necessary for normal memory formation and its function cannot be substituted by the maintenance DNA methylating enzyme DNMT1.
Introduction
DNA methylation is a mechanism underlying gene silencing that plays a critical role in establishing and maintaining cellular phenotypes throughout development (Guibert, Forne, & Weber, 2009) . Methylation of DNA is governed by a family of enzymes, the DNA methyltransferases (DNMTs), which catalyze the transfer of a methyl group to the 5 0 position of cytosine nucleotides at CG dinucleotides using dietary sources of s-adenosyl-L-methoinine as the methyl donor. Distinct DNMT proteins establish de novo methylation patterns or act to maintain those patterns on unmethylated or hemimethylated DNA. Expression of the maintenance DNA methyltransferase DNMT1 and the de novo enzyme DNMT3a is high during development (Szyf et al., 1985) but DNMT mRNA and enzymatic activity are still observed at abundant levels in the adult CNS (Goto et al., 1994) suggesting the possibility that DNMTs and dynamic methylation states retain functional importance in the adult brain.
Methylation patterns have historically been considered static in postmitotic neurons, however recent work has suggested DNA demethylation at specific promoters may occur contributing to alterations in gene expression that impacts complex behavior and synaptic function (Martinowich et al., 2003; Miller & Sweatt, 2007; Weaver, Meaney, & Szyf, 2006; Weaver et al., 2004 Weaver et al., , 2005 . In agreement with these findings, treatment with pharmacological DNMT inhibitor compounds has been shown to impair associative learning and inhibit the magnitude and maintenance of long term potentiation (LTP), widely considered a cellular correlate of learning, at hippocampal synapses (Levenson et al., 2006; Miller, Campbell, & Sweatt, 2008; Miller & Sweatt, 2007) . While there is debate on the mechanism for how DNA demethylation occurs in postmitotic neurons, the potential role of this epigenetic process in cellular functions as well as in neuropsychiatric disorders (e.g., schizophrenia, drug addiction) has attracted a great deal of interest.
To examine the role of DNA methyltransferases in adult brain, mice lacking Dnmt1 and Dnmt3a have been generated. Constitutive Dnmt1 and Dnmt3a knockout mice are not viable, thus research on the role of DNMTs in adult brain function has utilized conditional knockout mice (Fan et al., 2001; Feng et al., 2010; Golshani, Hutnick, Schweizer, & Fan, 2005; Hutnick et al., 2009; LaPlant et al., 2010; Li, Bestor, & Jaenisch, 1992; Nguyen, Meletis, Fu, 
